In eastern Asia and western North America at least nine morphologically distinguishable species 4 of digenean trematode infect the mud snail, Batillaria attramentaria (Sowerby 1855) (=B. 5 cumingi (Crosse 1862)), as first intermediate host. Further, molecular and morphological 6 evidence indicates that several of these trematode species comprise complexes of cryptic species. 7 I present an identification key to these nine trematode morphospecies (including four newly 8 reported species). Additionally, I provide an annotated list, which includes further diagnostic 9 information on the larval stages (cercariae, parthenitae, and metacercariae), information on 10 second intermediate host use, links to the previous relevant reports of trematodes infecting B. 11 attramentaria and notes on other aspects of the species' biology. 12 13 Keywords 14 Batillaria attramentaria; Batillaria cumingi; Digenea; Trematoda protonephridium. To facilitate access, vouchers have been deposited at the U.S. National Parasite 85 Collection. 86 87 Results and Discussion 88 Key to the digenean trematodes known to use Batillaria attramentaria as first intermediate host 89 90 91 1 a. Cercariae with eye spots…………………………………………………………. 2 92 b. Cercariae without eye spots……………………………………………………… 3 93 94 2 a.
Introduction 16
In eastern Asia, at least nine morphologically recognized species of digenean trematode 17 infect the mud snail, Batillaria attramentaria [see 1, 2-4, 5 and this report]. Additionally, one of 18 these trematode species is common in B. attramentaria populations introduced to the west coast 19 of North America [6, 7] . There exists no comprehensive listing of the trematodes of B. 20 attramentaria, nor a key to their identification. This absence is an impediment to research on this 21 ensemble (sensu [8]) of larval trematodes. 22
23
The snail, B. attramentaria (Sowerby 1855) (=B. cumingi (Crosse 1862)) ranges widely 24 along the east coast of Asia [9] . Additionally, this snail has been introduced to the west coast of 25
North America [10] . The snails are common in the intertidal on soft and hard bottoms of 26 estuaries and protected outer coast sites [e.g., see 11]. 27 28 I recently (11 June -30 June 2003) took part in an ecological study of B. attramentaria 29 and its trematode parasites (Torchin et al., unpublished work) . During this survey, I examined 30 trematodes from 17 populations of B. attramentaria from Osaka, Wakayama, Chiba, and Miyagi 31 prefectures, Honshu, Japan. I recognized, based on morphology, eight species of digenean 32 trematodes infecting B. attramentaria as their first intermediate host. To my knowledge, two of 33 these species have been described from this snail in both Japan [1, 2, 4, 5] and eastern Russia [3] 34 and two have been previously reported only from eastern Russia [3] . A ninth trematode species 35 has been described infecting B. attramentaria in eastern Russia [3] , but this species has never 36 been reported from Japan. Thus, I encountered undescribed larval stages of four species of 37 trematodes that infect B. attramentaria. However, they are relatively easily placed in appropriate taxonomic families [following 12, 13] , sometimes tentatively to genus, and provisionally 39 recognized as "morphospecies." 40 41 Here, I provide a key to, and an annotated listing of, the species of digenean trematodes 42 known to infect B. attramentaria. I include species that have been clearly described from B. 43 attramentaria (from both Japan and Russia) and the four newly reported species that I 44 encountered during the aforementioned ecological survey. Trematodes are frequently highly 45 specific for their first intermediate host snails [14] [15] [16] [17] [18] . In the absence of data demonstrating 46 otherwise, I believe it is prudent to assume trematodes are different species if they infect 47 different snail species, particularly sympatric snails that belong to different genera. Further 48 support for hesitating to assume conspecific identity of trematodes in different snail species is the 49 continual discovery of cryptic trematode species existing even within the same host species [19, 50 20] , including some that use B. attramentaria [21] . Consequently, I do not include in the key two 51 species previously reported infecting B. attramentaria. This is because these species were 52 described from a different genus of snail and we are lacking descriptions of specimens from B. 53 attramentaria. However, in the annotations for related species, I alert workers to the possible 54 existence of these additional species and detail morphological characters that might distinguish 55 them from the species in the key. This key should be considered provisional, as the existence of 56 cryptic species has been demonstrated by molecular genetic work and is suggested by 57 morphological evidence. Additionally, although I provide descriptive details and working names 58 for the newly reported species, I am not attaching formal species names or designating type 59 specimens-further work is necessary for complete descriptions. I hope this key facilitates 60 ecological work and highlights needed taxonomic research on this ensemble of larval trematodes.
Materials and Methods 63
The key primarily uses characters of the cercariae and should be used in conjunction with 64 the figures and species annotations. The line drawings primarily complement the key, and I only 65
included details that appeared to be consistently and readily discernable in live specimens. The 66 annotations have more descriptive detail, as well as information on parthenitae (sporocysts or 67 rediae) and metacercariae. I additionally provide notes on the types of second intermediate host 68
potentially used by the various trematode species. All of these trematodes probably use birds as 69 final hosts (based upon known life cycles of taxonomically related trematodes). I also provide 70 potential links to previous records of trematodes in B. attramentaria, as well as notes of 71 additional biological interest. 72 73 Except as otherwise indicated, all drawings are based on my observations of live 74 specimens from dissected snails. For each species I encountered, I obtained measurements using 75 an ocular micrometer on haphazardly-picked cercariae and parthenitae, which originated from a 76 single dissected host, were heat-killed, fixed in 10% formalin, stained with Semichon's 77 acetocarmine, and mounted wet in glycerin. If cercarial bodies or tails fixed dorso-ventrally 78 flexed (noted below when this was consistent for a species), I took length measurements in 79 several straight sections along the lateral view. For bilaterally paired features (e.g., eye spots, 80 lateral fin lengths) I alternatingly measured either the left or the right structures for each new 81 individual. For cercarial counts in parthenitae, I attempted to include all embryos larger than 5 82 µm. Unless otherwise noted, all measurements are in µm ± 1 s.d. Also, I use the term "flame 83 bulb" instead of "flame cell," believing it to more clearly reflect the structure of a 84 8 a.
Cercaria with prominent oral stylet (~21 µm long); body translucent, with highly 126 visible penetration ducts and glands; V-shaped excretory bladder extending less 127 than one fifth into the body; ventral sucker not present……. 6-34 (19 ± 11, n = 6) anterior to insertion of lateral fins, ventral insertion of dorso-ventral fin ~7-11 (9 ± 2, n = 231 3) posterior to insertion of laterals. Oral sucker very well developed, rounded, length 25-27 (26 ± 1, n = 12), 232 width 20-27 (24 ± 2, n = 11) . At least two transverse rows of oral spines present, but number of rows or spines not accurately observed. Ventral sucker not developed. Prepharynx length 22-28 (25 ± 2, n = 11), not very 234 prominent. Pharynx length 6-9 (8 ± 1, n = 11), width 9-11 (10 ± 1, n = 11). Eye spots black, cuboidal to slightly 235 rectangular, length 6.1-7.5 (6.7 ± 0.6, n = 11), width 5.5-7.4 (6.5 ± 0.6, n = 11). Esophagus and ceca not Japan. Subsequently, Miura et al. [7] determined that at least three of the eight cryptic species are 256 present in the introduced range on the west coast of North America, with only two being 257 common. Additionally, Miura et al. [26] showed that C. batillariae strongly affects its host 258 snail's growth and distribution in the intertidal zone. 259
260
The above measurements and my description largely fit within the range of those 261 provided in Shimura and Ito's description [2] . But there are exceptions. First, the measurements 262 that Shimura and Ito provided for the prepharynx length (53-66, ave. 60) are more than twice as 263 large as my measurements. However, I believe Shimura and Ito's prepharynx measurements may 264 have been reported in error, for they do not correspond with their figure of the cercarial body 265 (from which I estimate the prepharynx to be ~33 µm-very close to my measurements). The 266 second major difference between our descriptions pertains to the dorso-ventral tail fin. Shimura 267 and Ito report that the dorsal fin originates posterior to the posterior end of the laterals and the 268 ventral inserts anterior to the posterior end of the laterals. The dorso-ventral fins on the 269 specimens that I have examined carefully (dozens from Japan and the United States), have the 270 opposite arrangement (as described above). This difference is either due to a mistake in the 271 original description, or it is real and due to either intraspecific variation or variation across 272 cryptic species. The other exceptions are that my measurements are smaller in tail and lateral fin 273 length and the eyespots of Shimura and Ito's specimens appear to be more rectangular, versus 274 tending to be cuboidal as were the specimens upon which I based the above description 275 (although I have examined many other specimens with more rectangular eyes). These differences 276 may be an artifact of my dealing only with cercariae from dissected snails, as such cercariae are 277 potentially not fully developed. Alternatively, the differences may be due to intraspecific 278 variation, or these differences may reflect variation across the cryptic species of C. batillariae 279 uncovered by Miura et al [21] . 280 281 Rybakov [3] reported and provided a description of C. batillariae Shimura and Ito 1980 282 from B. attramentaria in Peter the Great Bay, eastern Russia. The cercariae he described are 283 about 30 µm longer in body length, and over 100 µm longer in tail length. It is possible that the 284 difference for body length is because Rybakov made measurements on live specimens. 285
Additionally, the dorsal tail fin originates very far anterior (near the base of the tail). Either these 286 differences are due to intraspecific variation, or, perhaps more likely, Rybakov described a 287 different cryptic species of C. batillariae. The description I provide agrees with that provided by Shimura and Ito [2] in their 330 description of C. hosoumininae except that the measurements of the cercariae I examined 331 (including those from at least two other sites, data not given here) are apparently smaller in body, 332 tail and stylet length. This may be an artifact of my dealing only with cercariae from dissected 333 snails, as such cercariae are potentially not fully developed, or represent intraspecific variation. 334
Alternatively, the infections I encountered may belong to a different species of microphallid. 335
Indeed, molecular evidence indicates that there are cryptic species of C. hosoumininae (O. Miura, 336 pers. comm.). Further study is called for to resolve this issue. 337 338 Rybakov [3] reported and described C. hosoumininae Shimura and Ito 1980 in B. 339 attramentaria from Peter the Great Bay, eastern Russia. His measurements agree with Shimura 340 and Ito's description. Cercariae often swim to top, attach to surface tension, and get an air bubble in their ventral 391 sucker. Cercariae infrequently encyst in dish and form flask-shaped metacercariae (Fig. 1) 
447
Caudal tubule bifurcates a short distance into tail. Redia translucent, length 1002-1225 (1117 ± 92, n = 4), width 448 277-350 (304 ± 34, n = 4) , with one or two appendages, positioned ~9/10 redial length, not always prominent.
449
Redia pharynx length 54-68 (58 ± 7, n = 4), width 49-55 (51 ± 3, n = 4). Redia gut usually obscured by 450 embryos, length 245-466 (356 ± 156, n = 2) . Cercariae-producing rediae with number of cercariae 10-14 (12 ± 451 2, n = 4), in all stages of development.
452
In a molecular genetic study, Miura et al. [21] 493 n = 9), width 61-74 (68 ± 4, n = 9) at midbody. Tail attached slightly terminally, circular in cross-section, length 494 103-123 (114 ± 8, n = 9), width 16-22 (18 ± 2, n = 9). Oral sucker well developed, length 27-35 (30 ± 3, n = 8), 495 width 25-31 (28 ± 2, n = 9). Oral sucker with bullet-shaped stylet anteriorly (and dorsal to mouth), very hard to 496 see in non-compressed fixed specimens, stylet length 8.5-8.6 (8.6 ± 0.1, n = 3), width 2.6-2.9 (2.7 ± 0.2, n = 3).
497
Ventral sucker oval, positioned at mid-body, length 25-33 (28 ± 3, n = 9), width 27-33 (29 ± 2, n = 9).
498
Tegument covered with minute spines, the full distribution of which was not observed. Cystogenous glands fill 499 most of body and obscure internal structures. Pharynx round, just posterior to oral sucker, barely discernable, 500 not measured. Esophagus difficult to see, slender, branching about half way to ventral sucker into two slender cecae, the posterior extent not observed. Excretory bladder prominent and Y-shaped, with lateral arms not 502 extending to anterior of ventral sucker. Rest of excretory system not observed. Sporocyst simple, thick-walled 503 (at least 5-7 thick), round to oval, length 198-472 (313 ± 73, n = 15), width 112-206 (157 ± 24, n = 15) , densely 504 packed with estimated number of cercariae 9-16 (11 ± 2, n = 11) in all stages of development.
506
Renicolid cercariae with stylets are known to encyst in mollusks [34] and polychaete 507 worms (Hechinger and Smith, unpublished data). 508 509 Rybakov [3] reported and described this species, from eastern Russia, with the 510 temporary name of "Cercaria Renicola sp." His measurements slightly differed from those I 511 present, but these differences could easily reflect differences in laboratory technique (he made 512 measurements on live specimens) or intraspecific variation. I do not use Rybakov's temporary 513 name to maintain consistent naming throughout this manuscript. 
